While the mechanisms of short-term adaptation to prism-altered apparent visual direction have been widely investigated, the processes underlying adaptation to prism-altered perceived distance are less well known. This study used a hand-pointing paradigm and exposure with base-out prisms to evaluate the relative contributions of sensory (visual and proprioceptive) and motor components of adaptation to perceived-distance alteration. A main experiment was designed to elicit adaptation at the sensory and motor levels, by giving subjects altered visual feedback. A control experiment without visual feedback allowed the effects of eye muscle potentiation (EMP) induced by sustained fixation through the prisms to be uncovered. In the main experiment, the aftereffects were partitioned into two-thirds visual and one-third motor, with no significant proprioceptive component. These results differ from the classical pattern of short-term adaptation to prism-altered apparent visual direction, which includes mainly proprioceptive/motor adaptive components, with a smaller visual component. This difference can be attributed to differences in accuracy between proprioception and vision for localization in depth or in lateral directions. In addition, a comparison of the visual aftereffects in the main and control experiments revealed two sub-components with equal contributions: a recalibration of the mapping between the vergence signal and perceived distance, and an EMP-related aftereffect. These findings indicate that "visual" adaptation actually involves a multiplicity of processes.
Introduction
Reaching forward to grasp an object or to point to a target requires an accurate estimation of their distance and direction. During development and throughout life, or after peripheral or central lesions, perception and action adapt to take into account changing optical and physiological signals, which convey information about the direction and distance of stimuli.
When viewing their moving hand through wedge prisms that displace the visual field laterally, subjects correct initial errors in reaching after a few tens of trials. When the prisms are removed and subjects are asked to reach for an object, they usually miss the target, with an error in the direction opposite to that of the displacement previously induced by the prism. This compensatory change in eye-hand coordination is called the 'visuomotor negative aftereffect' (see Kornheiser, 1976; Welch, 1986 for reviews). The classical prism paradigm pioneered by Helmholtz (1910) involves pre-exposure (baseline) measurement of visuomotor performance, exposure to prismatic displacement, and then post-exposure measurement. The visuomotor aftereffect is defined as the signed difference between pre-and post-exposure measures, and reflects visuomotor adaptation.
Visuomotor adaptation to prism-induced alteration of apparent visual direction involves various adaptive components (see Baraduc & Wolpert, 2002; Welch, 1986 for reviews). The first component, proprioceptive adaptation, is a change in the felt position of the limb relative to the body (Harris, 1963 (Harris, , 1965 . The second component is motor adaptation (Baily, 1972; Morton & Bastian, 2004; Templeton, Howard, & Wilkinson, 1974; Wallace & Redding, 1979) . It implies a reorganization of the muscle commands associated with a given visual goal (Baraduc & Wolpert, 2002; Kitazawa, Kimura, & Uka, 1997; Martin, Keating, Goodkin, Bastian, & Thach, 1996b) . The third component, visual adaptation, is a change in apparent visual direction (Welch, Choe, & Heinrich, 1974; Wilkinson, 1971) . It involves a recalibration of the felt direction of gaze (Craske, 1967; Helmholtz, 1910; Kalil & Freedman, 1966) and of the headon-shoulder position (Hamilton, 1964; Harris, 1965; Kornheiser, 1976) . Proprioceptive adaptation occurs in the early stage of prism 0028-3932/$ -see front matter © 2010 Elsevier Ltd. All rights reserved. doi:10.1016/j.neuropsychologia.2010.11.028
